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(57)AbstraGt: 

PROBLEM TO BE SOLVED: To infer the cost-minimum 
optimum replacement time of components constituting a 
plant by performing cost computation in consideration of 
the overall period of use of the plant such as a boiler. 
SOLUTION: This system to diagnose the remaining lives 
of components constituting a plant and to determine the 
replacement time of the constituting components is 
provided with a remaining life diagnosing device, a cost 
computing device, and an optimum replacement time 
inferring device. Components constituting a plant are 
divided into replacement units, the remaining life 
diagnosing device diagnoses the useful life of each 
replacement unit. On the basis of the useful lift of each 
replacement unit, various replacement schedule patterns 
are determined. The cost computing device computes 
cost for every replacement schedule pattern. The 
optimum replacement time inferring device selects and 
outputs a cost-minimum replacement schedule pattern. 
In cost computing, cost is divided into inspection and 

maintenance cost and replacement cost and is computed. In the case of simultaneously 
replacing adjacent replacement units, the cost of appurtenant work is shared, and cost is 
computed. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the plant maintenance support system which diagnoses the life expectancy of the 
configuration part which constitutes a plant, and determines the replacement stage of said 
configuration part said system It has remaining life assessment equipment, a cost arithmetic unit, 
and optimal replacement stage inference equipment. Said optimal replacement stage inference 
equipment divides said configuration part of a plant per exchange, diagnose a life for said every 
replacement unit with said remaining life assessment equipment, and the use years of a plant are 
received. Replacement schedule patterns various with said optimal replacement stage inference 
equipment are determined based on said diagnosed life of each replacement unit. Cost is 
calculated for said every replacement schedule pattern with said cost arithmetic unit. The 
replacement schedule pattern which becomes a cost minimum is selected and outputted with 
said optimal replacement stage inference equipment. The life-cycle management mold plant 
maintenance support system which computes by dividing cost into inspection and a maintenance 
cost, and replacement expense by said cost operation, makes cost of appurtenant work common 
among replacement expense in coincidence exchange of the approaching replacement unit, and 
is characterized by carrying out a cost operation. 

[Claim 2] The life-cycle management mold plant maintenance support system characterized by 
carrying out the cost operation of said inspection and maintenance cost as a function of the 
years from the time of exchange in a life-cycle management mold plant maintenance support 
system according to claim 1 . 

[Claim 3] The life-cycle management mold plant maintenance support system characterized by 
expressing said inspection and maintenance cost with inspection and maintenance-cost = 
criteria costs x(years from exchange) (/(life)) a, and setting a constant a to 2-3 in a life-cycle 
management mold plant maintenance support system according to claim 2. 
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1 This document has been translated by computer. So the translation may not reflect the original 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is concerned with the preventive maintenance of plants, 
such as a thermal power station boiler, and relates to the system by which the optimal 
replacement stage of a configuration part can be evaluated in life cycle especially to the use 
years of a plant. 
[0002] 

[Description of the Prior Art] The specification of the ingredient used for the pressure part of 
the boiler for thermal power stations is decided to be criteria in the allowable stress of the 
ingredient to be used. For example, in the case of the heat exhanger tube, the outer diameter 
and thickness are designed so that the stress called for by the formula (working pressure x 
pitch-diameter/2-/thickness) of a pitch diameter may turn into below the allowable stress in the 
service temperature of a heat exhanger tube. 

[0003] As for allowable stress, creep rupture strength has been criteria, and although 100,000 

hours becomes one standard, since, as for the life of a boiler, the factor of safety is expected by 

allowable stress, as an actual life of a boiler, about 30 years are made appropriate. 

[0004] However, since a boiler is a welded structure, partial exchange is possible for it, and the 

view of extending the life as a plant till about 60 is beginning to appear from a viewpoint 

[ direction / which extends a life by repair or partial exchange of a certain plant rather than 

construction of a new plant now ] economically of being advantageous. 

[0005] In performing partial exchange, it is based on the life of the ingredient currently used at 
least for each part, and, generally the remaining life assessment of an ingredient is carried out 
for every each part grade, and just before the part reaches a life, it is exchanging with. 
[0006] The ingredient used for a boiler receives damages on various, such as creep damage at 
the time of the use in an elevated temperature, thermal fatigue damage at the time of 
deactivation, or corrosion, corrosion fatigue damage. For this reason, the remaining life 
assessment approach only corresponding to each part is developed and put in practical use. For 
example, the metal texture which the front face of an ingredient was ground and etched [ metal 
texture ] and made it appear to the part where creep damage poses a problem is copied on the 
replica film, and, generally the replica method which evaluates damage by the condition of a 
metal texture is used. 
[0007] 

[Problem(s) to be Solved by the Invention] Thus, generally the approach of exchanging with, 
before evaluating life expectancy for every each part grade and reaching a life is performed, and 
consideration to which the replacement cost of a unit becomes as low [ as each part ] as 
possible in this case is made, however, the thing an inspection item will increase although life 
expectancy is not reached if the use years like each part (years from construction or exchange) 
increase, or detail inspection is [ a thing ] needed — in fact Since generating of small fault and 
the possibility of accident become high, inspection and a maintenance cost increase, and when 
exchanging with for every each part grade at the time of the life of the ingredient thinks by the 
whole (life cycle of a boiler) duration of service, it does not necessarily become a cost minimum. 
[0008] With "maintenance exchange evaluation equipment" given in JP,3~242529,A, specific 
parameters required for maintenance are collected for maintenance of plant configuration 
equipment, and it is asking for the replacement period and period of maintenance work which 
took the life cycle into consideration based on this. In this well-known example, since data 
required for maintenance in online can be extracted and replacement expense and a 
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maintenance cost are moreover aimed at the equivalent, comparatively small device 
(instruments), cost is evaluation with each device simple substance, and is also performing life- 
cycle-evaluation with each device simple substance. 

[0009] On the other hand, by the boiler for enterprises, large-scale construction is followed on 
exchange for comparatively big parts, such as a header, a coil, and a waterwall. In evaluation of 
such a plant, if the mutual effectiveness in the exchange like each part is not taken into 
consideration, it does not become life-cycle-evaluation used as the cost minimum as an entire 
plant. That is, when a replacement stage is near, cost may be low held down by exchanging to 
coincidence. 

[0010] For example, a boiler is the large-sized structure, needs to construct a large-scale 
scaffold at the time of exchange, and can hold down cost low by exchanging at coincidence in 
the case of the contiguity part which can make a scaffold serve a double purpose. 
[0011] Thus, the direction which considers and exchanges the whole (life cycle) duration of 
service of a plant in addition to the life of an ingredient can hold down the whole cost low rather 
than exchanging with for every each part grade at the time of the life of the ingredient. The 
purpose of this invention is in plants, such as a boiler, to offer the system which reasons the 
optimal replacement stage of the plant configuration part used as a cost minimum, performing 
the cost operation in consideration of the whole duration of service of a plant, and taking into 
consideration the interaction especially in exchange of a part. 
[0012] 

[Means for Solving the Problem] In order to solve said technical problem, this invention mainly 
adopts the following configurations. 

[0013] In the plant maintenance support system which diagnoses the life expectancy of the 
configuration part which constitutes a plant, and determines the replacement stage of said 
configuration part said system It has remaining life assessment equipment, a cost arithmetic unit, 
and optimal replacement stage inference equipment. Said optimal replacement stage inference 
equipment divides said configuration part of a plant per exchange, diagnose a life for said every 
replacement unit with said remaining life assessment equipment, and the use years of a plant are 
received. Replacement schedule patterns various with said optimal replacement stage inference 
equipment are determined based on said diagnosed life of each replacement unit. Cost is 
calculated for said every replacement schedule pattern with said cost arithmetic unit. The 
replacement schedule pattern which becomes a cost minimum is selected and outputted with 
said optimal replacement stage inference equipment. The life-cycle management mold plant 
maintenance support system which computes by dividing cost into inspection and a maintenance 
cost, and replacement expense by said cost operation, makes cost of appurtenant work common 
among replacement expense in coincidence exchange of the approaching replacement unit, and 
carries out a cost operation. 

[0014] Moreover, carry out the cost operation of said inspection and maintenance cost as a 
function of the years from the time of exchange in said life-cycle management mold plant 
maintenance support system. 

[0015] Furthermore, in said life-cycle management mold plant maintenance support system, 
express said inspection and maintenance cost with inspection and maintenance-cost = criteria 
costs x(years from exchange) (/(life)) a, and set a constant a to 2-3. 
[0016] 

[Embodiment of the Invention] The operation gestalt of this invention is explained below using a 
drawing. The system configuration has a user interface for outputting and inputting each 
database for life-expectancy evaluation equipment, a cost arithmetic unit, optimal replacement 
stage inference equipment, life-expectancy evaluation, and a cost operation, and data with said 
each equipment, and CRT, as shown in drawing 1 . 

[0017] The flow of processing by this invention is shown in drawing 2 . Optimal replacement 
stage inference equipment takes the lead. In this equipment, the life is first evaluated by life- 
expectancy evaluation equipment by each remaining life assessment approach for every 
replacement part unit which divided the whole object per replacement part and divided it. The 
aforementioned replacement part units are a furnace inlet port and an outlet header, the furnace 
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upper part and a lower waterwall, a drum, etc. in the furnace of for example, the boiler for 
enterprises, and a replacement part unit is set as arbitration. On the basis of the life of all the 
replacement units evaluated by life-expectancy evaluation equipment with the above, two or 
more replacement schedule patterns are determined, and it outputs to a cost arithmetic unit. In 
this cost arithmetic unit, the total cost in the duration of service of the whole object is 
calculated for every replacement schedule pattern. 

[0018] Said total cost should total the inspection, the maintenance cost, and replacement 
expense for every use fiscal year. Among these, in consideration of the fixed cost and variable 
costs which the usual inspection takes inspection and a maintenance cost, variable costs are 
taken as the function of the years from the time of exchange. Moreover, although replacement 
expense consists of a manufacturing cost of a replacement part, and a construction cost which 
exchange takes, when a construction cost is divided into appurtenant work, such as scaffold 
construction, and installation expense and coincidence exchange is carried out by the part which 
approached, appurtenant work, such as scaffold temporary construction, is computed as common 
cost. Thus, the replacement schedule pattern which becomes a cost minimum out of the cost 
result of an operation performed for every replacement schedule pattern is outputted. 
[0019] By this invention, the optimal replacement stage was reasoned for the secondary 
superheater 1 of the boiler for thermal power stations shown in drawing 3 . The object part was 
made into a total of six parts of the inlet-port header 2, the middle header 3, the outlet header 4. 
the inlet-port coil 5, the middle coil 6, and the outlet coil 7. As a result of using the commercial 
plant for about 20 years, extracting a replica at this time and carrying out the remaining life 
assessment by KYABIDI with life-expectancy evaluation equipment, the life like each part (life) 
came to be shown in Table 1 . 
[0020] 
[Table 1] 
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[0021] In Table 1, inspection and a maintenance cost, manufacture and installation expense, and 
an incidental construction cost were computed, and this operation gestalt defined inspection and 
a maintenance cost as follows from the conventional track record etc. 

[0022] inspection and maintenance-cost = criteria costs x(years from exchange) (/(life)) 2 — in 
this, the increment of the repair cost derived at the time of inspection, partial replacement 
expense, and the number of check points and the failure level of significance of an inspection 
means are included. Moreover, these six parts can use a common scaffold from it being close, in 
exchanging two or more parts to coincidence, it will apply the cost concerning appurtenant work 
to one part, and other parts will deduct appurtenant work cost. 

[0023] The use years of a commercial plant were made into 60 years, and the optimal 
replacement stage was reasoned by this system based on such data. Drawing 4 displayed the 
optimal replacement pattern on CRT, and when exchanging with by the pattern of such a part 
and years, it brought the result of becoming a cost minimum. 

[0024] Moreover, according to this invention, out of the optimal replacement stage, as shown in 
drawing 5 , the cost for every fiscal year can also be outputted. The comparison result of the 
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cost of each fiscal year at the time of using it to the life shown in drawing 6 for a comparison 
and the total cost shown in drawing 7 is shown. 

[0025] As shown in drawing 7 , in the optimal count by this system, it turns out that cost 
reduction of about ten percent can be planned by the total cost. In addition, according to the 
system of this invention, it can output also about drawing 5 - drawing 7 . 

[0026] Next, other operation gestalten of this invention are explained. Various constraints can be 

inputted now in this system. There are the following as an example of a constraint. 

[0027] (1) **** the maximum of the cost of each fiscal year within a certain constant value. 

(2) Open the replacement construction like the said division more than a fixed year. 

(3) Specify the common appurtenant work like each part (can common appurtenant work be 
performed by the A-site and B part or not?). 

[0028] By performing such inference with a constraint, the optimal replacement stage in 
consideration of a facility management person s convenience (a budget, an environment, social 
conditions, etc.) can be outputted. 

[0029] As explained above, this invention contains what has following configurations and 
functions. 

[0030] The system configuration of this invention consists of life-expectancy evaluation 
equipment, a cost arithmetic unit, and optimal replacement stage inference equipment, and is 
considered as a configuration with the database for life-expectancy evaluation and a cost 
operation. 

[0031] First, a part is divided for every replacement part unit, and life-expectancy evaluation 
equipment determines the life of each part. Replacement part units are a coil, a header, a 
waterwall. piping, a drum, etc. for example, by the boiler for enterprises. The replacement 
schedule pattern which is possible on the basis of the life by these remaining life assessment 
equipments is determined, and the total cost in duration of service is calculated for every 
replacement schedule pattern with a cost arithmetic unit. 

[0032] The total cost should total the inspection, the maintenance cost, and replacement 
expense for every fiscal year. Replacement expense consists of a manufacturing cost and a 
construction cost, and the construction cost of these is divided into appurtenant work and 
installation expense, such as scaffold construction, and if it is a contiguity part when coincidence 
exchange is carried out, let appurtenant work be common cost. 

[0033] Moreover, inspection and a maintenance cost consider as the function of the years from 

the time of exchange, and is specifically given by the degree type at least in each part. 

[0034] inspection and maintenance-cost = criteria costs xCyears from exchange) (/(life)) aa=2-3 

— the replacement schedule pattern which becomes a cost minimum with optimal replacement 

stage inference equipment out of such the cost result of an operation is outputted. 

[0035] In this invention, inference of the life-cycle-optimal replacement stage to become a cost 

minimum is enabled by taking the following two effectiveness into consideration. 

[0036] It is having taken into consideration the common cost in coincidence exchange in the first 

place. Although it becomes exchange from the manufacturing cost which manufactures the 

target part, and the construction cost which installs the new part which removed the part which 

became old and was manufactured, in exchanging to coincidence the part which appurtenant 

work, such as scaffold assembly, occurs and approached in the construction cost, it calculates 

this appurtenant work as common cost. 

[0037] It is having taken fluctuation of an inspection maintenance cost into consideration to the 
second. In the case of a boiler, since there are very many component parts, it is rare to carry 
out total inspection, and in almost all cases, it is a partial inspection. Although the Banking 
Inspection Department is decided from experience of a part severe in design, or the past, since a 
detailed inspection is needed when a facility is superannuated, at least the Banking Inspection 
Department increases in number, or the part repaired in part increases. 

[0038] Moreover, the probability to consume a life and to break down during operation becomes 
high, and when it breaks down, it is necessary to stop operation and to restore. Even if the cost 
was very large and it restored for the time being, in the next inspection, the cure even in 
consideration of exchange is needed. 
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[0039] Thus, inspection and a maintenance cost change with years from manufacture or 
exchange, and it increases, so that it approaches a life (life). Then, let inspection and a 
maintenance cost be the functions of the years from the time of establishment or exchange of a 
part. 

[0040] Inspection and a maintenance cost increase at an increasing tempo, as it mentioned 
above, when the object part approached the life, and it is specifically expressed with a degree 
type. 

[0041] Inspection and a maintenance cost = the criteria costs xCyears from exchange) (/(life)) a 
constant a was set as 2-3 from the past data. In addition, criteria costs are determined by a 
plant and the part. 

[0042] If cost count is carried out without taking the above effectiveness into consideration, it 
will become a cost minimum to use it to the life like each part, and to exchange just before a life, 
but since it is not considered in the above-mentioned effectiveness, actual costs differ. 
Evaluation near the cost which actually starts is attained by taking such effectiveness into 
consideration. 
[0043] 

[Effect of the Invention] By using the system of this invention, it can decide upon the 
replacement schedule which serves as a cost minimum after taking the life like each part into 
consideration in plants, such as a thermal power station boiler. 

[0044] Therefore, exchange of the most efficient part is attained from the position of the 
preventive maintenance of a plant, without reducing dependability, and a so-called size has the 
industrial value very much. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the configuration of the life-cycle management mold plant 
maintenance support system concerning this invention. 

[Drawing 2] It is drawing showing the processing flow of a life-cycle management mold plant 
maintenance support system. 

[Drawing 3] It is the sectional view of the boiler for thermal power stations used for the 
operation gestalt of this invention. 

[Drawing 4] It is the example of an output of the optimal replacement schedule in the operation 
gestalt of this invention. 

[Drawing 5] It is an example of a graph output showing the cost of each fiscal year in the 
operation gestalt of this invention, 

[Drawing 6] It is an example of a graph output showing the cost of each fiscal year at the time of 
using it to a life. 

[Drawing 7] It is an example of a graph output showing the total cost comparison with the 
operation gestalt of this invention, and the example of replacement in life use. 
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[Description of Notations] 

1 Secondary Superheater 

2 Inlet-Port Header 

3 Middle Header 

4 Outlet Header 

5 Inlet-Port Coil 

6 Middle Coil 

7 Outlet Coil 
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